The potential harm to the growth plate following reconstruction of the anterior cruciate ligament in skeletally-immature patients is well documented, but we are not aware of literature on the subject of the fate of the graft itself. We have reviewed five adolescent males who underwent reconstruction of the ligament with four-strand hamstring grafts using MR images taken at a mean of 34.6 months (18 to 58) from the time of operation. The changes in dimension of the graft were measured and compared with those taken at the original operation. No growth arrest was seen on radiological or clinical measurement of leg-length discrepancy, nor was there any soft-tissue contracture. All the patients regained their pre-injury level of activity, including elite-level sport in three. The patients grew by a mean of 17.3 cm (14 to 24). The diameter of the grafts did not change despite large increases in length (mean 42%; 33% to 57%). Most of the gain in length was on the femoral side. Large changes in the length of the grafts were seen.
There is a considerable increase in the size of the graft, so some neogenesis must occur; the graft must grow.
Tears of the anterior cruciate ligament (ACL) are significant at any age but in childhood they may lead to particular problems and incremental deterioration of the joint. [1] [2] [3] [4] The outcome is better in cases treated by surgical reconstruction of the ACL than in those managed conservatively. 2, 4 Early reconstruction has become increasingly popular, 1, 5 and most surgeons employ four-strand hamstring grafts using a transphyseal technique. 1, 6, 7 A soft-tissue graft is preferred to bone-patellar tendon-bone constructs, as it is thought to pose less risk to the growth plate, although the latter and similar grafts have been used. 8, 9 Disturbance of the growth plate has been described, but is often related to technical errors. 5 Deformity and growth arrest should now be uncommon when using transphyseal techniques employing softtissue grafts such as hamstrings. 6 Although the fate of the growth plate has been considered, very little is known about the progress of the graft itself.
Patients and Methods
Reconstruction of the ACL was undertaken in five adolescent males who were followed to skeletal maturity. Their details are summarised in Table I . Their pubertal development, graded according to Tanner, 10 was recorded: three were stage 1 (pre-pubertal) and two were stage 2. The surgery was undertaken by the senior authors (AW and SB). After removing the ACL remnant both used a four-strand semitendinosus/ gracilis tendon transphyseal technique, taking care to avoid the anterior tibial physis and aiming for central penetration of the tibial physis. On the femoral side, standard far-posterior tunnel placement was undertaken with suspensory fixation using an EndobuttonCL (Smith and Nephew Inc., Andover, Massachusetts) or Rigidfix (Mitek Inc., Westwood, Massachusetts). Tibial fixation was more variable because the size of the tibia restricted the choice of implant. Either interference screws or staples were used. In case 1, fixation was aided by tying around a cortical screw on the femur and the tibia. All five patients underwent the same 'accelerated' rehabilitation programme, emphasising early full extension and range of movement. Braces were not used.
The patients were followed until, or just prior to, skeletal maturity to ensure no premature growth arrest. All had MR scans at their last follow-up. Case 1 had a new injury which required MRI, and this was used in the study. All the other patients were free of symptoms at the time of the final assessment. All had clinical measurement of leg length and radiographs of both knees at approximately six-monthly intervals and at final follow-up, to check for growth disturbance as manifest by alterations in longitudinal growth or deformity of the tibia or femur. The clinical assessment was undertaken by one of the senior authors.
The operative measurements of the diameter of the graft, which determined the diameter of the bone tunnels, and the lengths of the tunnels were recorded. The immediate postoperative radiographs were used to estimate the length of the intra-articular portion of the graft. The known sizes of the fixation devices allowed a good estimate of radiological magnification. These measurements were undertaken on lateral radiographs, measuring the length between the apertures of the tibial and femoral tunnels to reflect the length of the intra-articular portion of the graft. The MR scans at follow-up were available in all cases and allowed accurate measurement of the dimensions of the graft and bone tunnel (Figs 1 and 2 ). Growth was complete in only one patient; the remaining patients had a little growth remaining.
Results
The mean follow-up was 34.6 months (18 to 58). No patient developed growth disturbance. The leg lengths were equal on clinical examination, and there was no radiological evidence of bony deformity at final follow-up. There was no soft-tissue contracture. All knees had full extension and flexion.
The changes in the dimensions of the tunnel and graft are presented in Table II . The patients grew by a mean of 17.3 cm (14 to 24). The graft diameters did not change despite large changes in the length of the graft, with a mean of 42% (33% to 57%). Most of the gain in length was in the femur. Within each bone, differential growth was evident between the portion of the graft in the epiphysis and that in the metaphysis. A characteristic angulation of the graft is seen at the growth plate owing to the faster growth in the metaphysis, and slower growth in the epiphysis (Fig.  3) . In only one patient (case 3) was there any widening of the tunnel. Widening of 2 mm occurred in the tibial tunnel and was confined to that part of the tunnel proximal to the growth plate 'scar'. The remaining tunnel was 0.5 mm wider.
In all cases the unharvested pes anserinus tendons maintained the normal position of attachment to the tibia. In two, the harvested semitendinosus and gracilis tendons were left attached to the tibia by the external aperture of the tibial tunnel, which then subsequently migrated distally (Fig. 4) .
At the last follow-up, when the final MR scans were taken, in keeping with skeletally-mature patients who have undergone ACL reconstruction, all patients had a weakly positive Lachman test 11 (grade 1) and three of the five had grade 1 laxity of the anterior drawer test. 12 The remainder had a normal anterior drawer test. All of these tests were associated with a firm endpoint. No patient had a positive pivot shift. Laximetry testing was not used in this series.
All five patients returned to the same level of sporting activity after operation. Case 1 sustained a further tear of the lateral meniscus, while playing football 38 months after it had been repaired, at the time of reconstruction of the ACL. This was repaired again, and to date, 36 months later, he remains asymptomatic. Case 3 had a new injury playing rugby 18 months after ACL reconstruction, resulting in a bucket-handle tear of the medial meniscus, which was repaired. A further 12 months later it tore again in a twisting injury, again playing rugby, and partial meniscectomy was undertaken.
Discussion
The dramatic lengthening measured in these grafts poses an intriguing question: either the graft grows or stretches, or a combination of both occurs. As the girth of the graft remains the same, in view of the marked increases in length recorded, it seems logical that growth of the graft occurs. The density of the graft tissue cannot be reliably assessed in our study, and a redistribution of graft structure in a larger volume cannot be excluded. However, the MRI signals of the grafts were typical of hamstring grafts in adults.
It is our experience that the abnormal excess anteroposterior laxity, present at post-operative examination, diminishes over time. As our results demonstrate that the graft elongates, tightening of the graft with time may indicate that lengthening of the graft does not keep up with bony growth, implying that some stretching takes place. An alternative explanation may be that in healing of the graft some tightening occurs. Excess tension in the graft may be a causative factor in cases in which growth arrest occurs due to eccentric 'tethering' of the physis. 13 With pure stretching one would expect thinning of the graft as it elongated. Despite the great changes in length, there was no change in the diameter of the graft in four of five of our cases; in the other there was a small increase in the width of the tunnel. This does not necessarily mean that the graft has grown, as it could be due to an expansion of the bony tunnel. The biological events surrounding graft healing and maturation are poorly understood. This is exemplified when considering the following case report.
14 At six weeks following ACL reconstruction with the hamstrings a discharging haematoma required debridement of the wound and no fixation device or graft was left in the tibial tunnel. Despite this, a healthy intra-articular graft was seen at arthroscopy at the time, and an excellent long-term result with no more than average excess laxity was achieved. 14 Studies using animal models confirm that hamstring grafts heal and appear similar to native ACL tissue histologically. 15 But what of the elongation seen following ACL reconstruction in the growing adolescent? There has been considerable interest in muscle/tendon growth following chronic traction for bone lengthening procedures. Sun et al 16, 17 looked at the net weight and length gain of muscular and tendinous portions. Histological examination concluded that myofibrillogenesis does exist in traction neogenesis near the myotendinous junction. However, although tissue neogenesis in limb lengthening has been investigated, it has not been assessed in graft elongation in the growing subject. The striking difference is that the tissues in limb lengthening are vascular and innervated vital tissues, whereas a graft is initially avascular, and perhaps always aneural, and at least to begin with, mainly dead.
The observation regarding the pes anserinus attachment is hard to explain. Presumably, local mechanical stresses and growth factors determine proper tendon attachment.
There are obvious weaknesses in this study. Our series is small, but the findings are so consistent that we believe that they are noteworthy. There are inevitably problems with measuring the inclination of tunnels in three dimensions from radiographs with variable magnifications, as radiographs are two-dimensional. There are also problems with measuring short distances in this manner. However, this was only done for the intra-articular portion, which is the smallest part of the graft, immediately after reconstruction. Nevertheless, our findings are dramatic and provide new information on the change in dimensions of the graft in the growing patient.
No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article. 
